Centrosomes play a crucial role in the directed migration of developing neurons. However, the underlying mechanism is poorly understood. This study has identified a novel disrupted in schizophrenia 1 (DISC1)-interacting protein, named CAMDI after coiled-coil protein associated with myosin II and DISC1, which translocates to the centrosome in a DISC1-dependent manner. Knockdown of CAMDI by shRNA revealed severely impaired radial migration with disoriented centrosomes. A yeast two-hybrid screen identified myosin II as a binding protein of CAMDI. CAMDI interacts preferentially with phosphomyosin II and induces an accumulation of phosphomyosin II at the centrosome in a DISC1-dependent manner. Interestingly, one single nucleotide polymorphism of the CAMDI gene (R828W) is identified, and its gene product was found to reduce the binding ability to phosphomyosin II. Furthermore, mice with overexpression of R828W in neurons exhibit an impaired radial migration. Our findings indicate that CAMDI is required for radial migration probably through DISC1 and myosin II-mediated centrosome positioning during neuronal development.
Neuronal migration is a critical phase in nervous system development, and the regulation of the centrosome underlies the directed migration of neurons (1-7). Centrosomes require not only a radial array of cytoplasmic microtubules and the activity of the microtubule motor dynein, but also actomyosin-driven forces (8) . Recent studies have demonstrated that myosin II is critical for centrosome separation and positioning during mitotic spindle assembly (9, 10) and coordinated movement of the centrosome during neuronal migration (11) ; however, little is known about the molecular basis for myosin II-dependent centrosome positioning.
Understanding the molecular mechanisms underlying neuronal migration has advanced in recent years due to the identification of genes involved in human neuronal migration disorders (12) (13) (14) . DISC1 3 is identified as a risk factor for major mental illness, originally discovered in a large Scottish pedigree linked to major depression and schizophrenia (15, 16) . DISC1 localizes to the centrosome by interacting with centrosomal proteins (17) (18) (19) . Thereby it has been proposed to, in part, control centrosome function and microtubule dynamics, notably interacting with NUDEL, LIS1, and dynein (20 -23) . A C-terminal truncated DISC1 protein, encoded from a mutation in the DISC1 gene, failed to localize to the centrosome and disrupted the dynein-microtubule network in vitro (18, 24) . In vivo analyses of DISC1 mutant mice and DISC1 downregulation by shRNA showed that both give rise to phenotypes related to major mental illness, suggesting that DISC1 is involved in cortical architecture, most likely through the regulation of centrosome-microtubule dynamics (24 -31) .
Here, we identified a novel DISC1-interacting protein, CAMDI, which controls centrosome positioning by regulation probably via the myosin II pathway. CAMDI may represent a missing link between the actomyosin and the DISC1-centrosome-microtubule complex. Our findings might provide a clue to understand the molecular pathology for DISC1-related mental diseases including schizophrenia and autism.
EXPERIMENTAL PROCEDURES
In Situ Hybridization and Immunohistochemistry-For in situ hybridization and immunohistochemical analysis, embryos were fixed by immersion in 4% paraformaldehyde in 0.1 M PBST (phosphate-buffered saline containing 0.1% Tween 20) , cryoprotected in 20% sucrose, frozen in OCT compound, and stored at Ϫ80°C until sectioning. Coronal and sagittal sections (20 m) were cut with a cryostat and stored at Ϫ80°C prior to used. For in situ hybridization, antisense riboprobes were labeled with digoxigenin-11-d-UTP (Roche Applied Science) according to the directions of the supplier. Tissue sections were hybridized with digoxigenin-labeled riboprobes. For immunohistochemical analysis, tissue sections were blocked for 1 h at room temperature in PBS containing 5% horse serum and then incubated overnight at 4°C with primary antibody. For analysis of neuronal morphology and dendrite number in vivo, three-dimensional reconstructions of each EGFP-positive neuron were produced by Z-se-ries stacks of confocal images. The projection images were automatically traced with ImageJ software (National Institutes of Health).
In Utero Electroporation-Briefly, in utero electroporation to dorsal neocortex was performed by injecting the DNA plasmid solution (5 mg/ml) plus 1% Fast Green using a glass capillary into the E14.5 ICR mouse ventricle. DNA mixture was 2-3-fold higher than that of the EGFP plasmid, which was the electroporation marker. Electroporation was performed using a CUY-21 electroporator (NEPA GENE) and the following parameters: four 50-ms-long pulse separated by 950-ms-long intervals at 33 V.
Antibodies-Anti-CAMDI antibody was produced by immunizing a rabbit with synthetic peptide corresponding to amino acid sequence 1356 -1364 of the mouse CAMDI. Rabbit anti-DISC1 antibody was obtained from Novus Biologicals. Anti-FLAG M2 monoclonal and anti-␥-tubulin antibodies were obtained from Sigma-Aldrich. Anti-HA high affinity antibody was obtained from Roche Applied Science. Anti-GFP rabbit polyclonal antibody and secondary antibodies conjugated with Alexa Fluor 350, 488, and 594 were obtained from Invitrogen. Anti-GFP mouse monoclonal and polyclonal antibodies were purchased from Clontech. Hoechst 33258 was obtained from Nacalai Tesque. Anti-pericentrin and antiKi67 antibodies were obtained from BD Transduction Laboratories. Anti-phosphohistone H3 and anti-active caspase3 antibodies were obtained from Millipore. Anti-p-MRLC antibody was purchased from Cell Signaling.
Plasmids-The mouse CAMDI was derived from Image clone 6831397. The rat full-length CAMDI was derived from the Image clone 7104862. The human CAMDI was derived from the FLJ26337 clone (National Institute of Technology Evaluation (NITE)). The human DISC1 was derived from Image clone 5756143. PCR was performed using these Image clones as templates. To construct a plasmid for FLAG-CAMDI, the PCR product of CAMDI was inserted into the NotI/XbaI sites of pFLAG-CMV-2a. To construct a plasmid for EGFP-DISC1, the PCR product of DISC1 was inserted into the EcoRI/SalI sites of pEGFP-C1. Although the PCR product of DISC1 contained one nucleotide deletion, the error was corrected using the QuikChange Site-directed Mutagenesis kit (Stratagene). Several shRNA-targeted sequences are shown below (with an order of sense, loop (underlined), and antisense): control-sh (5Ј-ACTAC-CGTTGTATAGGTGTTCAAGAGACACCTATAACAACGG-TAGT-3Ј), CAMDI-sh (5Ј-GGGTAGCCTATAATGACAAGC-TTCAAGAGAGCTTGTCATTATAGGCTACCC-3Ј), DISC1-sh (5Ј-GGCAAACACTGTGAAGTGCTTCAAGAGA-GCACTTCACAGTGTTTGCC-3Ј). The knockdown efficiencies of DISC1-sh and control-sh were established previously (24) . To construct a plasmid for control-sh, CAMDI-sh, and DISC1-sh, two primers were annealed, and the product was inserted into BamHI/HindIII sites of pSilencer 3.1-H1. To construct a plasmid for the CAMDI mutant resistant to CAMDI-sh, silent mutations were introduced using the QuikChange kit and primers 5Ј-GACATGGTGGTCGCGTACAATGACAAGC-3Ј and 5Ј-GCTTGTCATTGTACGCGACCCACCATGTC-3Ј. To construct a plasmid for CAMDI-R828W, the mutation was introduced using QuikChange and primers 5Ј-GCAGATTCACCTC-TGGTGCTCTCAGGAAAAGC-3Ј and 5Ј-GCTTTTCCTGAG-AGCACCAGAGGTGAATCTGC-3Ј. To construct a plasmid for MRLC-DD and -AA mutants (Thr 18 and Ser 19 ), mutations were introduced using QuikChange. Mutagenesis near the phosphorylatable serine, AA-MRLC and DD-MRLC (Thr 18 and Ser 19 ), has been reported to mimic the unphosphorylated and phosphorylated forms of MRLC, respectively (32, 33) .
Cell Culture and Transfections-SH-SY5Y and HEK293 cells were obtained from the American Type Culture Collection, and the COS-7 cell line was provided by the RIKEN BRC through the National Bio-Resource Project of the MEXT, Japan. These cells were maintained in Dulbecco's modified Eagle's medium supplemented with 10% fetal bovine serum at 37°C, in 5% CO 2 , in a humidified chamber. Transfection was carried out using Lipofectamine 2000 (Invitrogen). Primary cortical neurons were prepared from ICR mice (embryonic day 16) and plated on a poly-L-lysine-coated slide glass in Minimum Eagle's Medium containing 2% FBS and N2 supplement. Transfection was carried out using the calcium phosphate method (Clontech).
Immunoprecipitation and Western Blotting-Culture cells were lysed in Nonidet P-40 lysis buffer (20 mM Tris-HCl, pH 7.2, 2 mM EDTA, 0.5% Nonidet P-40, 8% sucrose, 80 mM dithiothreitol). The lysate was clarified by centrifugation at 15,000 ϫ g for 10 min and immunoprecipitated with the appropriate antibody. Immunoprecipitates were washed three times with lysis buffer. After boiling for 3 min, equal protein amounts of the lysates were subjected to SDS-PAGE and transferred to polyvinylidene difluoride membranes (Immobilon P; Millipore). Membranes were blocked for 1 h at room temperature in 5% skim milk in PBST with gentle shaking and incubated with primary antibodies overnight at 4°C. After washing the membranes three times with PBST, they were incubated with secondary antibody conjugated to horseradish peroxidase for 1 h at room temperature. The blotted membranes were developed using the Immobilon Western chemiluminescent HRP substrate (Millipore) according to the manufacturer's instructions.
Immunofluorescence-Cells were fixed for 20 min in PBS containing 4% paraformaldehyde or cold methanol and permeabilized with 0.2% Triton X-100. After incubation in PBS containing 1% bovine serum albumin for 30 min, the cells were reacted with first antibody for overnight at 4°C, followed by incubation with secondary antibody and/or TRITCconjugated phalloidin. The staining was analyzed by confocal microscope (Olympus FV1000).
Yeast Two-hybrid Screening-The Matchmaker two-hybrid system kit (Clontech) was used for detecting specific proteins interacting with DISC1 and CAMDI as described by the manufacturer.
Centrosome Isolation-Centrosome was prepared from COS-7 cells according to the methods described previously (34) . COS-7 cells were treated with 50 ng/ml nocodazole for 2 h. After centrifugation of cell lysates by a discontinuous gradient consisting sucrose solutions, fractions were collected. The centrosome fractions were determined by immunoblotting with anti-␥-tubulin.
Ethics Statement-All animals were maintained under the university guidelines for the care and use of animals. The experiments were performed after securing Tokyo University of Pharmacy and Life Sciences Animal Use Committee Protocol approval.
RESULTS

Identification of CAMDI as a Novel DISC1-interacting
Protein-To understand the molecular basis underlying DISC1 function in the centrosome, we performed a yeast twohybrid screen of a mouse whole brain cDNA library using the coiled-coil domains of DISC1 as bait. We obtained several DISC1-binding candidates, including a previously uncharacterized gene, CCDC141 (hereafter referred to as CAMDI). The mouse CAMDI gene encodes an open frame of 1,451 amino acids containing spectrin-like repeats in the N terminus, a tandem repeat of three coiled-coil domains in the middle, and I-set domains in the C terminus (Fig. 1A and supplemental Fig. 1A ). Western blot analyses indicated the expression of CAMDI to be mainly in the developing brain (supplemental Fig. 1B ). CAMDI orthologs exist in vertebrates (supplemental Fig. 1C ) but not in lower organisms such as Drosophila and Caenorhabditis elegans. In the brain, CAMDI mRNA is detected in various regions, including the cerebrum, eye, cerebellum, and hippocampus in developing and adult mice (supplemental Fig. 1D ). Interactions of CAMDI and DISC1 in HEK293 cells and mouse brain lysates were confirmed by immunoprecipitation followed by an immunoblotting (IP-IB) assay (Fig. 1B) . A yeast two-hybrid screen identified a CAMDI fragment containing coiled-coil domains, suggesting the coiled-coil domain-mediated interaction. A pulldown assay using three GST-fused coiled-coil domains of CAMDI indicated that three coiled-coil domains of CAMDI interact with DISC1 (Fig. 1C, M1-M3 ). Furthermore, a pulldown assay using each GST-fused coiled-coil domain of CAMDI suggested that the second coiled-coil domain of CAMDI is mainly responsible for the interaction with DISC1 (Fig. 1C, M2) . On the other hand, a pulldown assay using each GST-fused coiled-coil domain of DISC1 suggested that the second coiled-coil domain of DISC1 is mainly responsible for the interaction with CAMDI (Fig. 1D, CC2) . Thus, the second coiled-coil domains of CAMDI and DISC1 appear to mediate their specific interaction as illustrated in Fig. 1A . Taken together, these results demonstrate that CAMDI is a novel DISC1-interacting protein expressed in the developing brain.
Translocation of CAMDI to the Centrosome in a DISC1-dependent Manner-Co-localization of CAMDI with DISC1 was observed at/around the centrosome ( Fig. 2A) . Expression of CAMDI alone revealed a diffuse cytoplasmic distribution without centrosomal localization, whereas co-expression with DISC1 induced CAMDI translocation to the centrosome (Fig.  2B, top and middle) . Translocation did not occur, however, with the C terminus-truncated DISC1 mutant, which retains the binding ability to CAMDI (data not shown) but fails to localize to the centrosome (Fig. 2B, top) . Biochemical analysis, using sucrose density gradients, also demonstrated a DISC1-dependent shift of CAMDI to the centrosome fraction (supplemental Fig. 2 ). To determine whether DISC1 is required Three purified DISC1 coiled-coil domains fused to GST (CC1, 340 -400 amino acids; CC2, 446 -507; CC3, 533-590) were subjected to pulldown assay using FLAG-CAMDI-expressing cell lysates, followed by IB with anti-FLAG antibody. Coomassie Brilliant Blue (CBB) staining shows the amounts of GST or GST-fused proteins. An equal amount of FLAG-CAMDI in total lysate is shown below. Densitometric analysis of each interaction indicates a specific interaction between FLAG-CAMDI and GST-CC2. The intensity of each FLAG-CAMDI band was normalized to corresponding Coomassie Brilliant Bluestained bands indicated by asterisks.
for centrosomal localization of endogenous CAMDI in cortical neurons, the effect of DISC1-knockdown by shRNA (DISC1-sh) on CAMDI localization was examined. Accumulation of endogenous CAMDI around the centrosome is indicated by an arrow (Fig. 2C, top) . The centrosomal CAMDI decreased in EGFP-positive DISC1-knockdown neurons by DISC1-sh, but not in control-sh or EGFP-negative DISC1-sh neurons (Fig. 2C, middle and bottom) . The diffuse staining pattern of ␥-tubulin is due to the cell fixation by paraformaldehyde, which is suitable for detection of change in the amount of ␥-tubulin (supplemental Fig. 3 ). These results demonstrated that CAMDI localizes to the centrosome, at least in part, in a DISC1-dependent manner both in vitro and in vivo.
CAMDI Knockdown Impairs Cortical Migration and Centrosomal Positioning-A strong signal of CAMDI mRNA was detected in the intermediate zone (IZ) at embryonic day (E) 16.5, and in the cortical plate (CP) at E18.5, in the mouse frontal cortex by in situ hybridization analysis (Fig. 3A) . Immunohistochemical analysis using anti-CAMDI antibody also showed that the expression pattern of CAMDI protein was similar to that of CAMDI mRNA (Fig. 3B) . These results suggest the possible involvement of CAMDI in cortical migration because the IZ at E16.5 is a critical point in development: neurons migrate out, and polarity formation commences.
To assess the role of CAMDI in radial migration, a pSilencer-based RNAi plasmid (shRNA) against the mouse CAMDI gene (CAMDI-sh) and a CAMDI construct resistant to this shRNA (CAMDI-resi) were designed in supplemental Fig. 4A and "Experimental Procedures." Expression of CAMDI wild-type, but not CAMDI-resi, was reduced by Ͼ90% in CAMDI-sh-transfected HEK293 cells (supplemental Fig. 4A, left) . Endogenous CAMDI in cultured cortical neurons was also reduced by 80% by CAMDI-sh compared with control-sh. Furthermore, immunohistochemical analysis demonstrated the in vivo knockdown of endogenous CAMDI by CAMDI-sh, but not by control-sh, in migrating cortical neurons (supplemental Fig. 4A, right) . Thus, these constructs are available and applied to the following experiments. These constructs, with plasmid encoding EGFP to mark transfected cells, were injected into the mouse embryonic cerebral ventricle followed by in utero electroporation at E14; the mice were analyzed at postnatal day (P) 2. In this period, a massive number of cortical neurons underwent radial migration from the ventricular zone (VZ)/sub-VZ toward the CP and through the IZ. These constructs, with plasmid encoding EGFP to mark transfected cells, were injected into the mouse embryonic cerebral ventricle followed by in utero electroporation at E14; the mice were analyzed at P2. In this period, a massive number of cortical neurons underwent radial migration from the VZ/sub-VZ toward the CP through the IZ. Therefore, it is suitable to detect whether there are any defect in radial migration. In contrast to the normal CP localization of cortical neurons by control-sh, CAMDI-sh caused an abnormal accumulation of cortical neurons at the IZ (Fig. 3C ). This effect of CAMDI-sh was completely restored by a co-transfection of the CAMDI-resi, indicating the specific phenomenon induced by CAMDI knockdown. Statistical analysis indicated that compared with control-sh or CAMDI-sh plus CAMDI-resi, CAMDI-sh caused a significant increase at the IZ and decrease at the CP in the number of cortical neurons. Similar accumulations at the IZ of cortical neurons were also observed when embryos were harvested at early stages, E17 and P0 (supplemental Fig. 4B ). The IZ is a critical point for neurons to decide the direction and time to migrate out along the radial glia toward the CP. Therefore, in many cases, the abnormal accumulation of neurons at the IZ means an impaired migration. However, there is a small possibility that this is due to the cell death or cell cycle inhibition during early neural proliferation at the VZ. To deny this possibility, we examined the effect of CAMDI knockdown on cell survival and cell cycle in proliferative neural cells. Immunohistochemical analysis using an anti-active caspase3 antibody demonstrated that apoptosis is not elevated by CAMDI silencing in the VZ (supplemental Fig. 5A ). In addition, a mitotic index stained with anti-phosphohistone H3 (G 2 M marker) and anti-Ki67 (proliferation marker) antibodies is not changed in CAMDI-silenced cortical progenitors (supplemental Fig. 5B ), suggesting that CAMDI knockdown does not affect cell survival and cell cycle in proliferative neural cells. These results indicated that CAMDI silencing specifically interfered with radial migration.
A high magnification microscopic analysis of CAMDIknockdown neurons revealed aberrant leading processes showing random direction, which correlates with a disoriented centrosome (Fig. 3D) . This phenotype was previously observed in DISC1-knockdown neurons, although the result was milder than that seen for CAMDI-knockdown neurons (24) . Taken together, these results demonstrated that CAMDI plays a critical role in radial migration and centrosomal function.
CAMDI Mediates Cross-linking between
Myosin II and DISC1-centrosome-To understand CAMDI-dependent centrosomal regulation, we searched for target molecule(s) of CAMDI through a yeast two-hybrid screen of the mouse whole brain cDNA library using the CAMDI coiled-coil domain as bait. We obtained several CAMDI-binding candidates, including a MRLC 2a. We focused on MRLC in the CAMDI-DISC1 signaling pathway because myosin II is required for centrosome positioning and neuronal migration (10, 11, 35, 36 ). An IP-IB assay demonstrated a specific interaction of CAMDI with MRLC both in vitro and in vivo (Fig.  4A) . MRLC is activated by phosphorylation, and the mutagenesis near the phosphorylatable serine, AA-MRLC and DD-MRLC (Thr 18 and Ser 19 ), has been shown to mimic the unphosphorylated and phosphorylated forms of MRLC, respectively. To understand the functional relationship be-tween CAMDI and MRLC, we examined the binding abilities of CAMDI with active and inactive forms of MRLC. CAMDI was found to bind preferentially to phosphomimetic MRLC (MRLC-DD) but not to nonphosphorylation form of MRLC (MRLC-AA) (Fig. 4B) . It is conceivable that p-MRLC exposes an interactive domain with the CAMDI coiled-coil region via conformational change, although this mechanism is currently unknown. Importantly, co-expression of CAMDI with DISC1 induced p-MRLC accumulation at/around the centrosome (Fig. 4C) . Furthermore, DISC1 was found to interact with MRLC in a CAMDI-dependent manner (Fig. 4D) . Taken together, CAMDI may function as a cross-linker between MRLC and the DISC1-centrosome complex.
Overexpression of CAMDI-R828W Impairs Cortical Migration-On the International HapMap data base, one singlenucleotide polymorphism (SNP) rs12988301 (C/T) of the CAMDI gene is found in all the human races in a constant ratio, ϳ5-19% (Fig. 5A) . This SNP is an arginine to tryptophan substitution at residue 828 (R828W). As R828W is located in the coiled-coil region of CAMDI, which is responsible for interaction with MRLC and DISC1, we examined whether the R828W polymorphism affects these interactions. An IP-IB assay indicated that the interaction of R828W with MRLC or MRLC-DD was significantly attenuated, whereas the interaction of R828W with DISC1 was not changed (Fig. 5B) . We next examined the effect of R828W overexpression on radial migration. In utero electroporation assay indicated an abnormal accumulation of R828W-overexpressing neurons at the VZ and IZ (Fig. 5C, left) . Statistical analysis from three independent experimental results demonstrated that compared with CAMDI-WT or -R828W caused a significant increase at the VZ and IZ and decrease at the CP in the number of cortical neurons (Fig. 5C, right) . A high magnification microscopic analysis of R828W-overexpressing neurons revealed a disoriented centrosome similar to CAMDI-sh phenotype (data not shown). Thus, an interaction of CAMDI with MRLC may be critical for radial migration probably via the centrosome positioning.
DISCUSSION
In this study we identified a novel DISC1-interacting protein CAMDI, which directly binds with DISC1 through the second coiled-coil domain. Both CAMDI and DISC1 genes are evolutionally conserved from the vertebrates, and the expression pattern of CAMDI in the developing mouse cortical neurons is very similar to that of DISC1. In addition, knockdown of CAMDI or DISC1 showed a similar phenotype, an impaired migration of cortical neurons with disorientated centrosomes. These lines of evidence indicate a close functional relationship between CAMDI and DISC1. A C-terminal truncated DISC1 protein, encoded from a mutation in the DISC1 gene, failed to localize to the centrosome, indicating that DISC1 plays a key role in centrosome function. Therefore, the DISC1-dependent centrosomal translocation of CAMDI suggests that CAMDI controls the cortical migration, in part, through the regulation of centrosome in concert with DISC1.
CAMDI was found to bind preferentially to p-MRLC, and co-expression with DISC1 induces an accumulation of p-MRLC at the centrosome. In migrating cortical neurons, centrosomes move continuously and often far in advance of nuclei toward the CP, followed by nuclear translocation with contraction of the soma. A previous study demonstrated that inhibition of myosin II specifically blocked the nuclear translocation (36) . Thus, p-MRLC may play a pivotal role in nuclear translocation via centrosome regulation. Induction of p-MRLC may be induced by the integrin-mediated RhoA-ROCK pathway or gap junction-mediated calcium mobilization that leads to the LKB1-AMPK pathway (37) (38) (39) (40) . Myosin II has been proposed to play a part in squeezing the cell soma and forcing the nucleus forward (36) . We argue that not only pushing the nucleus forward, the CAMDI-myosin II signaling pathway regulates the centrosome positioning and maturation, including microtubule dynamics associated with dynein pulling forces that enable nuclear movement. Indeed, a recent study suggested that myosin II and F-actin dynamics may function to pull the centrosome and soma forward during glial-guided migration (11). CAMDI may regulate myosin II-dependent centrosome function in concert with DISC1. In our preliminary results, CAMDI overexpression in the hippocampus in vivo resulted in multiple dendritic spine morphology. Myosin II is reported to play a critical role in dendritic spine morphology and synaptic function (41, 42) . We identified several CAMDI-interacting proteins in a yeast two-hybrid screen using coiled-coil, spectrin, and I-set domains as baits. These CAMDI-binding proteins clearly indicate CAMDI function in myosin II-dependent regulation, including vesicle trafficking to control the expression level of neurotransmitter receptors. Thus, it may be stated that myosin II is a principal target of CAMDI. Furthermore, the deregulation of the CAMDI-myosin II pathway may contribute to the pathogenesis of neurological and psychiatric disorders. Indeed, we found one SNP (R828W) in the CAMDI gene, which shows a reduced affinity for p-MRLC and impairs cortical migration (Fig. 5C) . Therefore, it raises the possibility that this SNP may be a risk factor for major mental illnesses. Association studies and array-CGH analysis indicate that a candidate region for autism or related disease is mapped on chromosome 2q31 (43, 44) where the CAMDI gene is located. The DISC1 gene was also reported to be associated with autism and Asperger syndrome (45) . Compared with schizophrenia, autism is a pervasive developmental disorder diagnosed in early childhood. CAMDI down-regulation caused a more severe migration defect than DISC1 downregulation. Therefore, it is urgent to analyze the relationship between autism and the CAMDI gene including R828W. Further studies are needed to address the physiological and pathological function of CAMDI in neuronal network and developmental disorder.
